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Outline   

  Introduction  

M. Aldaya TOPLHCWG, 28.11.13 

  Software tools  

  Uncertainties  
•  Scale  
•  PDF and αS  

  Mass and √s dependence  
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Introduction   
  Theoretical calculation for tt production available up to NNLO+NNLL (also for gg  tt): 

M. Aldaya TOPLHCWG, 28.11.13 

  Public programs available to perform these calculations for specific parameter choice: 

  In this talk we present reference cross sections at NNLO+NNLL for different  
  parameter choices and propose a common ATLAS-CMS reference recommendation   

[ Czakon, Fiedler, Mitov, arXiv:1303.6254 ] 

Very precise: 2.2% (Tevatron), ~ 3% (LHC) 

•  HATHOR (v1.5)  exact NNLO tt cross section   [ Aliev et al., arXiv:1007.1327 ] 

•  Top++ (v2.0)  exact NNLO and NNLO+NNLL resummed tt cross section   [ Czakon, Mitov,  
arXiv:1112.5765 ] 

•  scale, PDF and αS, top-quark mass, centre-of-mass energy (√s)  
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Software tools   

  Results in this talk are presented using the Top++ (v2.0) program: 

M. Aldaya TOPLHCWG, 28.11.13 

 Cross-checks at exact NNLO using HATHOR (v1.5) yielded differences at the 
sub per-mille level  
 Many thanks to Dennis Wendland (ATLAS, Humboldt University Berlin)  
    for the studies ! 

•  NNLO with soft gluon resummation at NNLL  

•  mtop = 172.5 GeV ; some results also given at mtop(Tevatron) = 173.20 ± 0.87 GeV  

  The choice of the mtop value is only temporary (world-average mtop is foreseen): 

•  Simulations are performed assuming mtop = 172.5 GeV   
•  Experimental parametrisation for the mass dependence of σ(tt) 
  is not (yet) available for all measurements   

•  scale: µR = µF = mtop 

•  Once available, the measured σ(tt) can be corrected to the world-average  
  mtop and compared to the corresponding prediction  
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Scale uncertainty   

  Proposal: consider restricted scale variation (used also by Czakon et al.): 
 

   vary µR , µF independently by a factor of 2 while never allowing them to differ  
   by more than a factor of 2 from each other   

M. Aldaya TOPLHCWG, 28.11.13 

•  Example: MSTW2008NNLO PDF at 7 TeV (mtop = 172.5 GeV)   

Largest variations: ~3.5%   

•  Similar results obtained with CT10 NNLO or NNPDF2.3 NNLO PDF sets   

Central value  

•  Scale uncertainty defined by taking the envelope of the resulting  
cross section values   
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PDF and αS uncertainty   
  Proposal: PDF4LHC-style treatment for joint PDF+αS uncertainty: 
 

M. Aldaya TOPLHCWG, 28.11.13 

•  Evaluate 68% CL PDF uncertainties at most similar available αS    

(*) Scale down by factor 1.645 for 90% to 68% 

•  CT10 NNLO(*), NNPDF2.3 NNLO with αS = 0.118    

•  MSTW2008 NNLO at fitted value αS = 0.117    

•  Evaluate 68% CL αS uncertainty    

•  MSTW2008 use MSTW prescription for 68% CL PDF+αS  

•  CT10 NNLO and NNPDF2.3 NNLO evaluate variation for ±0.002 (90% CL),  
  reduce to 68% CL, and add in quadrature to 68% PDF uncertainty (**) 

(**) Not following NNPDF group recommendation for αS here   

•  Use envelope of PDF+αS uncertainties     

  Illustrated for √s = 7, 8, 13, 14 GeV in the following slides 
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PDF and αS uncertainty: 7 TeV   

M. Aldaya TOPLHCWG, 28.11.13 

160.65 pb 

181.52 pb 

  Good agreement between different PDF sets (largest difference: ~10% ABM11) 
  Dominated by CT10 PDF set uncertainties 

(σ(tt) central values for  
several PDF sets 

 in backup) 
mtop = 172.5 GeV 
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PDF and αS uncertainty: 8 TeV   

M. Aldaya TOPLHCWG, 28.11.13 

  Good agreement between different PDF sets (largest difference: ~10% ABM11) 
  Dominated by CT10 PDF set uncertainties 

mtop = 172.5 GeV 
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PDF and αS uncertainty: 13 TeV   

M. Aldaya TOPLHCWG, 28.11.13 

  Good agreement between different PDF sets (largest difference: ~10% ABM11) 
  Some divergence between NNPDF, CT10, MSTW2008 start to appear 

mtop = 172.5 GeV 
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PDF and αS uncertainty: 14 TeV   

M. Aldaya TOPLHCWG, 28.11.13 

  Good agreement between different PDF sets (largest difference: ~10% ABM11) 
  Some divergence between NNPDF, CT10, MSTW2008 start to appear 

mtop = 172.5 GeV 



  Compare NNLO vs. NNLO+NNLL:  
 

  Good agreement within  
  scale uncertainties (bands) 
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Mass dependence of σ(tt)    

M. Aldaya TOPLHCWG, 28.11.13 

  
  The tt cross section has a strong dependence on mtop 

[ Czakon, Fiedler,  
Mitov, arXiv:1303.6254 ] 

mref = 172.5 GeV 

(Parametrisation  
at 7 & 8 TeV in backup) 

Current combinations:  
 

mtop(Tevatron) = 173.20 ± 0.87 GeV  
mtop(LHC) = 173.29 ± 0.95 GeV  

  
  Proposed mtop variation  
   to quote cross section uncert: 
           ± 1.0 GeV 
 

   gives, for the cross section:   
+5.44 pb 
- 5.26 pb 

(for mtop = 172.5 GeV) 

+5.32 pb 
- 5.14 pb 

(for mtop = 173.2 GeV) 
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Dependence of σ(tt) on √s    

M. Aldaya TOPLHCWG, 28.11.13 

  
  Parametrisation of the dependence on √s: [ Langenfeld et al., arXiv:0907.2527 ] 

mref = 172.5 GeV 

(See backup for results at 7 and 8 TeV, also for mtop = 173.2 GeV) 

- Good agreement for MSTW  
  and CT10 over the full range 

- NNPDF gives higher  
  values at large √s 

  Compare central PDF sets for  
   MSTW2008, CT10, NNPDF: mtop = 172.5 GeV 
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Results    

M. Aldaya TOPLHCWG, 28.11.13 

  Proposal: recommendation for most analyses: 
•  Total uncertainty = scale ± PDF+αS, added in quadrature  
•  For search analyses,  mtop can be added in quadrature as well 

Recommended σ(tt) at mtop = 172.5 GeV 

7 TeV 

8 TeV 

13 TeV 

14 TeV 

Recommended σ(tt) at mtop = 173.2 GeV 

7 TeV 

8 TeV 
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Comparisons    

M. Aldaya TOPLHCWG, 28.11.13 

  Compare 8 TeV value to reference from Czakon, Mangano, Mitov, Rojo arXiv:1303.7215(*): 
Reference  

(mtop = 173.3 GeV) 
Central (pb) Scale PDF+αS  

CMMR (CT10)  

mtop  Total 

246.3 
+6.4 
- 8.6 

+11.2 
- 9.6 

+7.4 
- 7.1 

+19.8 (+8.1%) 
- 20.5 (-8.3%) 

This method  247.0 
+6.3 
- 8.5 

+11.4 
- 11.4 

+7.4 
- 7.1 

+15.0 (+6.0%) 
- 15.9 (-6.4%) 

  CMMR: smaller central value, since not using PDF4LHC prescription 

  CMMR: smaller PDF uncertainty, since not using PDF4LHC prescription 

  CMMR: PDF+αS and mtop added in quadrature, then linearly to scale  
  (more conservative)  

  CMMR: smaller αS variation ± 0.0007  

  Individual uncertainties in this method are more conservative than in CMMR,  
  but the combination is more aggressive 

(*) Constraints on the gluon PDF from top quark pair production at hadron colliders 



Summary of LHC σ(tt) results @ 7 TeV  

15 M. Aldaya 

  

TOPLHCWG, 28.11.13 

New or updated 
measurements, not 
included in current 
LHC combination 

Using  
mtop = 172.5 GeV  
as a temporary fix until 
experiments provide 
parametrisation for the 
mass dependence 

Plan for future 
combinations: 
 

- Provide LHC  
  combination at 7 TeV  
  with updated results 
 
- Combine 8 TeV  
  results as soon as    
  updated CMS  
  measurement is  
  released 

ATLAS+CMS Preliminary 



σ(tt) as a function of √s  
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TOPLHCWG, 28.11.13 

mtop = 172.5 GeV (temporary) 

ATLAS+CMS Preliminary 



  Predictions for σ(tt) have been prepared using Top++ in a common  
  ATLAS-CMS effort  
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Summary    

M. Aldaya TOPLHCWG, 28.11.13 

  A combined reference value, using a PDF4LHC procedure for PDF and αS  
  uncertainties, restricted scale variation and providing an associated mtop    
  uncertainty is now ready for use at 7 and 8 TeV 

  Parametrisations vs. mtop allow this result to be quoted at any  
  (reasonable) top mass 

  We propose that these results be used to provide a common reference cross 
section for tt production to be used by ATLAS & CMS collaborations 

  The results will be documented on a TOPLHCWG twiki, including information  
  to ensure correct referencing of the theoretical work 

  Central values with NNLO PDFs and their associated uncertainties  
  have been calculated   

•  Results from running Top++(v2.0) were cross-checked by both ATLAS & CMS,  
  obtaining identical results in all cases where direct comparison was made  
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Additional information   

M. Aldaya TOPLHCWG, 28.11.13 



19 

NNLO+NNLL σ(tt) for different PDFs – 7 TeV    

M. Aldaya TOPLHCWG, 28.11.13 

  
Central NNLO+NNLL cross section values for different PDF sets:  
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PDF and αS uncertainty: 7 TeV   

M. Aldaya TOPLHCWG, 28.11.13 

  Good agreement between different PDF sets (largest difference: ~10% ABM11) 
  Dominated by CT10 PDF set uncertainties 



21 

Scale dependence at different orders 

M. Aldaya TOPLHCWG, 28.11.13 

  Reference:  Czakon et al., arXiv:1305.3892 
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Mass dependence (mref = 172.5 GeV) – 7 TeV    
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Mass dependence (mref = 172.5 GeV) – 8 TeV    
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Mass dependence (mref = 172.5 GeV) – 8 TeV    
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√s dependence (mref = 172.5 GeV)    
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√s dependence (mref = 173.2 GeV)    
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Dependence of σ(tt) on √s    

M. Aldaya TOPLHCWG, 28.11.13 

  
  Parametrisation of the dependence on √s: [ Langenfeld et al., arXiv:0907.2527 ] 

- Good agreement for MSTW  
  and CT10 over the full range 

- NNPDF gives higher  
  values at large √s 

  Compare central PDF sets for  
   MSTW2008, CT10, NNPDF: mtop = 173.2 GeV 
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Dependence of σ(tt) on √s    

M. Aldaya TOPLHCWG, 28.11.13 

  


